and of the degenerative changes produced in the seminiferous epithelium of the testes. The administration of an additional amount of vitamin E in the form of wheat-germ oil did not prevent the degeneration of the testes of rats kept on a vitamin-A-deficient diet. The changes in body-weight which occurred towards the end of the experiment seemed to have no effect on the degree of severity of the degeneration of the testes, while the greater durations of the experiment were accompanied by more severe changes.
and of the degenerative changes produced in the seminiferous epithelium of the testes. The administration of an additional amount of vitamin E in the form of wheat-germ oil did not prevent the degeneration of the testes of rats kept on a vitamin-A-deficient diet. The changes in body-weight which occurred towards the end of the experiment seemed to have no effect on the degree of severity of the degeneration of the testes, while the greater durations of the experiment were accompanied by more severe changes.
When calculated for the same unit of body-weight, the weight of the testes showing the first or second stages of degeneration was greater in the rats kept on vitamin-A-deficient diet than that of the paired rats on complete diet. This might be explained chiefly by the oedema of the testes, and possibly also by the swelling of the seminiferous cells at these stages. At Stage 3, and more especially at Stage 4, the weight of the testes was smaller, owing to the fact that at these stages atrophic changes of the seminiferous tissue were great, thus decreasing the weight of the sexual glands and outweighing the influence of cedema on the weight of the testes.
The restriction of the ration of complete diet in our experiments did not produce any significant changes in the actual weight of testes, in the size of the seminiferous tubules or in their histology owing to the fact that such a small limitation was necessary that the rats were able to be kept in a healthy condition.
When calculated for the same unit of body-weight, the weight of the testes of paired rats on a complete diet restricted in amount was slightly larger than that of the testes of rats on complete unlimited diet. This was explained by selective protection of sexual glands in the organism. However, when the restriction of the -diet amounts to severe starvation, degeneration of the seminiferous tissue appears, as is shown by the experiments of Siperstein (1921); though the selective protection of the sexual glands in the organism is so highly developed that after acute inanition in adult rats, which lost as much as 47% of their body-weight, degenerative changes were present in only comparatively few tubules, the other seminiferous tubules showing apparently normal structure (Siperstein, 1921) . REFERENCES . SAMPSON, M., DENNISON, M., and KORENCHEVSKY, V., Biochem. Journ., 1932, xxvi, 1315. SAMPSON, M., a1id KORENCHEVSKY, V., ib , 1322. lid., Journ. Path. and Bact., 1932, xxxv, 875. SIPERSTEIN, D., Anat. Rec., 1921, xx, 355. Infectious Sterility in the Larger Domesticated Animals.
By J. T. EDWARDS.
(Li8ter In8titute.)
AT the outset I wish to thank Messrs. Pool and Edwards, of the Imperial Bureau of Animal Health, for kindly placing at my disposal valuable sources of world information, which would otherwise have been inaccessible to me. The diseases of reproduction, including sterility, are now exerciding the attention of breeders and veterinarians almost more than any other problem with which they have to contend in our domesticated animals.
From what has been said already in the discussion you will have gathered that the causes of sterility may well be classed in the light of present-day knowledge under the following headings:
I. Genetic. II. Functional { Endocrinal. I Nutritional.
III. Infectious.
A brilliant French lecturer, Professor V. Robin [1] of the Alfort Veterinary School, speaking on this subject some time ago, likened the matter of sterility to the condition in a contractor's yard where material of all sorts, sizes and shapes was dumped, by all kinds of people, so that it almost surpassed the wit of the builder, however ingenious, to construct a suitable edifice from it.
There is in veterinary writings, especially in the reports of the annual conferences of the German Veterinary Specialists on Breeding Diseases, a growing tendency to attach more and more importance to the first two headings of classification given above. Besides the information given by the preceding speakers, on the significance of functional derangements, the valuable observations made by Sir Arnold Theiler [2] and his colleagues (who referred briefly to this subject at the last meeting of this Section) upon the effects of certain mineral deficiencies upon fertility may be cited.
The classification is not, however, that usually given by veterinary writers the prevailing impression being that sterility is commonly the result of recognizable disease of the genital tract, again the consequence of bacterial infection, which has invaded the tract from the outside world. One may even detect a note of indignation in Professor Robin's lecture when he comes to treat of the suggested possibility that infertility among animals in France may be caused by some deficiency in their food.
There is indeed much ground for holding the view that the chief cause of sterility in our larger animals is some form of infection. Abortion, which is of frequent occurrence, and often takes the form of extensive outbreaks, in both the equine and bovine species, is produced, in the great majority of cases, by specific infection. The causal bacteria, which are different in the two species, have now been extensively studied. And in the bovine species, more particularly, infectious abortion seems to leave in its train a number of other breeding troubles, such as premature births, retained placentas, diseases of the new-born and sterility.
Veterinarians with wide clinical and obstetrical experience, therefore, have often been found to link up these conditions and assign to them a common origin. The assembling of the so-called reproductive diseases in this manner has, however, tended to offend the good sense of the bacteriologist, impressed as he has been by the diversity of the bacterial flora recoverable from the several conditions and the differences in their pathogenic effects.
Sterility in the larger domesticated animals is a subject which has attained a commanding position during the last thirty years in western countries. This has coincided with the disappearance of the great epizootic diseases, such as cattle plague and pleuro-pneumonia, and also with a notable change in the methods of maintaining certain animals, particularly cattle of pedigree stock and of the dairy breeds, for intensive production. In central Europe the period of enforced underfeeding and poor maintenance represented by the War years is said to have caused serious trouble in restoring the livestock of the affected countries to normal fertility. Paradoxically, for an apparently opposite reason, the dairy cattle of countries, like Denmark, which are systematically fed with rich food and kept indoors in comfort to yield abundant milk throughout the year also suffer from serious endometritis and resulting sterility.
During this period of thirty years, there have flourished certain schools of veterinary thought which have advocated different methods of treatment based upon the particular views or assumptions they have favoured in regard to the origin of multiple sterility commonly among animals:
(a) The infectious vaginitis school.-If we accept McFadyean's criticism (1926) [3] , the part taken by a number of -veterinary writers on the Continent of Europe in giving wide publicity to the alleged significance as the common cause of bovine sterility, of what they wrongly believed to be an abnormality on the membrane of the posterior vaginal vestibule, represents one of the most discreditable chapters in recent veterinary history. The condition was first described, it seems, by a Swiss veterinarian, Isepponi, in 1886, and during the succeeding years it became widely recognized by the foremost veterinary writers as the cause of both sterility and abortion in cattle, and the most drastic remedies were applied in treatment. Bang's (1897) discovery of the bacterial agent which is the common cause of infectious abortion in cattle then eliminated the vaginal condition as a factor in abortion. In 1901, Ostertag [41, however, studied the condition in the laboratory, mainly upon one heifer which was sent to him stated to be suffering from the typical disease, and produced evidence to show that it was caused by a specific streptococcus. Other workers then quickly furnished ample corroboration to Ostertag's findings. It is interesting now to read in his original article that Ostertag's heifer, which was killed after providing him with material for his experiments for three months in the laboratory, was found on slaughter to be in a state of normal pregnancy, of about four months' duration. The teachings inculcated among cattle owners by the infectious vaginitis school, however, have died hard. Although in continental writings the opinion is now universally held that the significance of this infectious vaginitis as a cause of sterility was very much exaggerated at one time, many of the surviving older writers still hold a compromising attitude in regard to it, and devote lengthy chapters to its discussion. What has passed for infectious vaginitis (ansteckenden Scheidenkatarrh) in German writings refers mainly, it would seem, to a nodular or granular condition on the floor of the vagina, especially marked around the clitoris-a condition which is a physiological one, especially evident during pre-cestral periods (Webster, 1932 [5] ); a similar condition is also seen sometimes on the penis of bulls. Pomayer (1930) [6] thinks that in heifers particularly the condition may give rise to a sensitiveness of this region, around the clitoris, after coition, leading to intense straining and extrusion of semen. This belief, however, seems to be ill-founded (Abelein, 1930 [7] ). The extraordinarily high incidence (over 80%, Williams, 1921 [8] , and others) of the condition among cattle in regions where reproductive trouble is not of unusual prominence and the fact that it is no more common among herds affected with sterility than among those which are not affected are evidence against its infectious nature. More recent attempts at experimental transmission with vaginal secretion and micro-organisms isolated from the vagina have not been successful (Quinlan, Mettam and Bisschop, 1929 [9]). Diplococci (not identical with the streptococci described by Ostertag), indistinguishable from those found in the normal vagina, have been isolated from presumably affected cattle by Ispolatow (1929) [10], and although he believed the local application or intravenous inoculation of cultures of these organisms brought about an inflamed condition of the vaginal follicles he was unable to conclude that the organisms could be the primary cause of the naturally observed condition. One writer (Frei, 1926 [11] ), passing over this condition rapidly in a lengthy theoretical monograph on sterility, puts forward the view that it is not impossible that the condition is really a disease set up by a virus which has greatly diminished in activity during the last thirty years. This is rather incredible. Other writers (vide Oppermann, 1924 [12] ) take up the position that because, for some years, such pains were taken to explain to stock-owners the nature and significance of the condition, a midway position ought now to be adopted. There is no doubt but that there are one or more morbid conditions affecting the bovine vagina, which are usually venereally transmitted, are generally mild and transient in character, but may sometimes give rise to serious localized outbreaks of metritis and sterility, and sometimes early abortion. These will be discussed later. It is evident, however, that these conditions do not embrace the widespread nodular condition which, it now seems, is a normal appearance, in spite of the mass of testimony in standard German and other works (such as Williams's textbook) incriminating it as a morbid process. Webster (1932) [5] is probably right when he says that the frequent association of this condition with sterility is due to the neglect of the earlier observers to study sufficiently herds that were unaffected by sterility and other breeding diseases.
(b) The Swiss School.-The teachings, notably of Zschokke (1900) and Hess (1905), laid it down that the primary seat of abnormalities in the genital tract (of the female, for the male was regarded as of minor significance in sterility) was the ovaries. In sterile cows, cysts could be discovered clinically in a very large proportion on manual examination, and forcible rupture of the cysts brought about the reappearance of cestrum. Hess, further claimed that ovarian cysts were associated with the presence of the infectious vaginitis, now believed, as stated above, to be erroneously described as such. Following upon these earlier teachings, the significance of ovarian abnormalities, such as (i) retention cysts, in the follicles with resulting nymphomania, or in the corpora lutea with irregular cestrum, and (ii) persistent corpora lutea, with suppression of cestrum, have become better understood, and the teachings of the Swiss school, although they are not widely upheld now among veterinarians outside Switzerland, served a useful purpose in directing attention to the sex glands. Treatment based upon these views regarding ovarian trouble undoubtedly frequently led to restoration of normal cestrum, followed by conception. It now seems, however, that the very high incidence of ovarian cysts reported by Hess often referred to large Graafian follicles normally reaching maturity.
(c) The Danish School.-Having failed to achieve satisfactory results in practice from the application of the Swiss method of treatment for sterility, Albrechtsen, a veterinary practitioner at Bornholm, was impressed by the findings of Tuff, working in Bang's laboratory, upon the lesions in the genital tract of cattle affected with sterility, and came to the conclusion (1906) that this condition was primarily the result of an endometritis. The results were communicated to the International Veterinary Congress, at The Hague, in 1909, and thereafter gained a wide publicity. This was followed by the publication of his monograph on sterility in cattle [13] , which has been regarded by many as the basis of modern rational attempts at treatment of the condition. Sterility in mares was also shown to be characterized by the frequent presence of an endometritis; it was claimed to yield likewise to operative treatment and irrigation aimed at destroying infection within the uterus. Although Albrechtsen's method marked an undoubted step forward, in locating the most common seat of lesions in sterile females, it must now be admitted that the rationale of the treatment did not amount to much more than what, in parallel fashion, could be said if in an inefficient troop of horses the diagnosis was made of sore-backs and the treatment recommended was nothing but thorough disinfection of the sores. It is a striking commentary upon the efficacy of the treatment advocated by Albrechtsen that one of his most ardent disciples, F. Nielsen (1926) [14] , in outlining the measures to be adopted in dealing with the various grades of endometritis, recommends, in the case of the most severe, namely, pyometra, that treatment should begin by dislodgment of persistent corpora lutea, a manipulation which brings about, so he records, rapid contraction of the uterus and evacuation of the contained pus, followed often by cestrum. The Swedish authority, Stalfors (1930) [15] proceeds to treat by a combination of both the Swiss and Danish methods, but admits that in the opinion of some competent Swedish veterinarians, irrigation merely of the vagina, with a varied assortment of medicaments-some use methylated spirits-is often sufficient to bring about uterine contraction, return of cestrum, and successful conception. He himself claims ovarian implantation to succeed when the above measures fail. The defect in the Albrechtsen viewpoint is that the endometritis is taken as an accomplished fact in sterility, and therapeutic treatment, as a sufficient intervention, is directed at this fact, without persevering inquiry further into the ultimate origins of the observed endometritis. The Albrechtsen findings have been abundantly confirmed in so far as histological changes in the endometrium can be demonstrated in cases in which the sterile animals show clinically even mild or merely transient periodic catarrhal discharge (Richter, 1926 [16] ; Quinlan, 1928 [17] ). In such cases, however, as has been shown by Gotze (1930) [18], bacteria often very rare in or even altogether absent from the discharge. Having reviewed the statements regarding the causation of sterility contained in a rather abundant and growing literature, we shall now proceed by analysis of some findings recorded by workers in different parts of the world, upon animals maintained in different conditions, to ascertain the part played by infectious disease. The effects produced by extensive epizootics of certain diseases, such as foot-and-mouth disease, which are well known to be followed by decreased fertility, are worthy of mention: infertility of this kind does not belong to the class which ordinarily exercises the veterinary practitioner. The recorded facts' selected for analysis are displayed in tabular form. (I) EQUINE STERILITY. In the equine species, a very high percentage of sterility is said to be associated with endometritis in the female-for example, Oppermann (1924) [12] states, from the findings of various German workers, that about 70% at least, and Robin (1929) [1] thinks that in France about 95?,/ of sterile mares have endometritis. It is not held with any degree of insistence, as in the case of cattle, that the sterility is a sequel of infectious abortion. In France, Robin mentions that the records kept by the Government studs show that the incidence of sterility is no higher in mares that have aborted than in those that have never aborted. Tables 1 and 2 show, respectively, the figures obtained regarding the incidence of bacterial infection in the uterine secretions of mares in the Government Stud at Stade, Germany (Liitje, 1924) [23] , and in the dense horse-breeding area in and around Lexington, Kentucky, U.S.A. (Dimock and Edwards, 1928) L26]. for reasons other than sterility are inserted for comparison. It will be noted that in the few cases of sterility in which the presence of infection could be demonstrated the bacteria isolated belonged to the same range of species as were found in the mares examined for the other conditions. He notes that the normal vaginal flora of the mare also contains coliform organisms and diplo-streptococci of varying degrees of 1 In the spoken address these were given in the form of a series of tables thrown on the lantern screen. b virulence. The condition of parturient laminitis, in all cases of which bacteria were isolated from the uterine secretions, could be treated successfully by uterine irrigation, so that acute infection with the different organisms named is not necessarily followed by any permanent ill-effect. Liitje thinks that the bacterial infection of the endometrium may possibly be a fleeting one, leaving the tissue in what he calls a bacteria-free, histologically deranged condition, so that at the time when the mares were examined for their barrenness, i.e., after an interval of at least a year after the last normal foaling, no bacteria could be isolated from the uterine secretions. The proportion of cases which were found negative among the mares which had aborted was very high (55%), and workers elsewhere on equine abortion might be tempted to think that not all cases of uterine infection were detected by the methods employed. The names given to the bacteria isolated have been translated into the designations usually given to them in this country.
Among the Kentucky mares, bacterial species are listed under names which appear unfamiliar to European workers. The Streptococcus genitalium is probably, however, identical with one of the two types of diplo-streptococci briefly described by Liitje in the uterine secretions of the German mares, namely, Adsersen's Type I "Joint-ill " streptococcus, the other type beinlg Adsersen's Type II " Strangles " streptococcus (Str. equi). Again, the streptococcus isolated from the uteri of mares by Edwards and given a new specific designation by him was probably already well known in the recent literature on streptococci under the name Str. epidemicus. This belief is confirmed by the fact that in a very recent article Hadley and Frost (1933) [27] state that they had obtained a strain of streptococcus from Edwards which he had isolated from the genital tract of a barren mare and which they name Str. epidemicus. They found that this streptococcus set up a most severe type of mastitis experimentally in cows' udders identical with that produced by Str. epidemicus of human and bovine origin. Str. equi, on the other hand, did not set up a mastitis, although sometimes it secured a foothold in the udder. Both streptococci are of the ,/-ha3molytic type. Edwards's streptococcus was highly virulent for rabbits but not for guinea-pigs.
The organism listed as Encapsulattus (Klebsiella) genitalium would also seem unfamiliar to European workers if it were not that the detailed description of its properties, particularly the stringy nature of the uterine exudates when infected by it and the mucoid character of artificial cultures, is strongly reminiscent of the organism well known to recent workers on joint-ill in foals as B. viscosum equi (or pyosepticus or nephritidis equi). On bacilli must be held to be undecided." Dimock and Edwards showed that this infection could be venereally transmitted. Bacilli of this group have been recorded as the cause of metritic troubles in the human subject. A large proportion of the Kentucky infections are grouped as " miscellaneous." Further, from the uteri of mares that had foaled normally there were recovered, in a very large proportion, streptococci resembling those isolated from the barren mares, besides unspecified miscellaneous organisms, and streptococci of the same kind were found also just inside the lips of the vulva of maiden fillies and of mares in foal.
The position may be illustrated further by the following condensed summary (Table No. The evidence tends to show, in reality, that the relatively high incidence of persisting infection in the Kentucky cases need not be regarded as anything more than an invasion of the uterus with banal micro-organisms, namely, haemolytic streptococci, such as are found both in America and in Europe in the vulvo-vaginal vestibule of normal mares, bacilli of the Friedliinder group, and miscellaneous other organisms-i.e., a flora merely in excess but not different in kind from that recorded, hitherto rather inadequately, from the genital tracts of mares in Europe, and also in other parts of the world. What is rather more striking than the number in which certain bacteria could be demonstrated is the large proportion of cases of sterility in which bacteria have not been isolated from the uterine secretions.
(II) BOVINE STERILITY. (1) THE RELATIVE IMPORTANCE OF THE MALE AS A FACTOR IN STERILITY.
Most writers on the subject of sterility in cattle. assert that the male plays a very small or negligible part in this problem. Apart from cases of temporary infertility or subfertility due to genetic or functional causes, of the kind already mentioned by previous speakers, and of specific venereal infection of the kind to be mentioned later, there are on record, however, many instances of complete or permanent infertility in the male. Perhaps the most complete inquiry hitherto reported is that of Richter (1932) [32] summarized in Table No . 4 below. These bulls belonged mainly to peasant farmers in Saxony and neighbouring States. It will be seen that infection with tubercle bacilli and with the common causal organism of contagious abortion account, for one-half of the cases of permanent sterility in bulls. The condition described as pseudo-tuberculosis has been seen often in the testicles of slaughter-house bulls in this country, and is of unknown aetiology. The significance of Brucella abortus infection in the bull has 59 .. . .. . been explored a good deal by American workers, who, on the whole, think that it is of little importance, though sometimes well-marked lesions in the genital organs may be produced by it. In Richter's cases the infection set up a very marked orchitis with swelling of the testicles. An interesting inquiry has recently been carried out by King (1-932) [33] in Australia into this problem; his results are summarized below (Table No. 5):- King's figures show that Br. abortus infection may sometimes bring about unexpected troubles when it is introduced into a herd by causing clinical orchitis, which is likely to be followed by permanent sterility, in the herd bull or bulls.
This phenomenon may account for some of the recorded sterility observed in herds shortly after contagious abortion has appeared or after vaccination of a herd by inoculation with the live Br. abortus.
(2) STERILITY IN COWS. (A) On account of its prevalence and economic importance the study of sterility has of recent years attracted more attention, as it affects the bovine female more than any other kind of domesticated animal. The problem in the cow may be conveniently examined under the headings of classification adopted by Quinlan (1928) The method of classification well reflects the views held by competent veterinary workers until recently upon the r6le of infection.
The problem of infectious sterility in the bovine female may again be further reviewed, perhaps better than by quoting from the extensive literature extant on the subject, by noting some of Quinlan's main findings:
The importance of infectious vaginitis has been very much exaggerated. In South Africa, cervicitis is very common in some herds. Chronic endometritis is undoubtedly the cause of sterility in 70-80% of sterile cows (over 4,000 examined).
Tuberculous metritis was found in 18% of tuberculous cows examined post mortem in these investigations (a higher percentage has been given by some other workers).
(B) CERVICITIS AND ENDOMETRITIS IN THE COw: COMPARATIVE INCIDENCE AND SEVERITY AMONG HERDS OF CATTLE IN: (1) DENMARK, (2) SAXONY, AND (3) NEW ZEALAND.
The following tabular statements have been extracted from the recent publications of Folmer Nielsen (1926) [14] , Richter (1926) [16] , and Webster (1932) 15]. Although the method of examination varies considerably in the hands of the different workers the information provided gives a very fair indication of the seats of the lesions and their degree of severity in the genital tracts of cows as revealed by, modern methods of examination. Richter's results are particularly significant because his subjects were carefully selected and subjected to a minute clinical and post-mortem examination. 
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" Sterility caused primarily by ovarial ailments is rare in comparison with sterility, the primary cause of which is located in other parts of the genital organs." "Albrechtsen's great merit is that he was the first one to call attention to the overwhelming importance of chronic endometritis as a cause of sterility." 
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(In New Zealand most cows classed as " barren " will hold to first service if kept over the winter to the following spring). NOTE.-Breeding commences in November (i.e., early summer) with the object of getting the cows to calve early in the following spring.
The following points stand out upon examination of the results recorded in the different countries:
(a) In F. Nielsen's ten herds in Denmark the incidence of uterine disease was very high, only 37% of those cows that calved normally having a subsequent normal reproductive history, and only 16-4% of those that had aborted. 66.2% only of the cows in the former (normal) class and 60.4% of those in the latter (aborted) came into aestrum and conceived again. The high percentage of metritic troubles were of varying degrees of severity, as shown in the table, the classification of the various degrees corresponding approximately with that adopted by Richter.
(b) If we assume thus that the classification adopted by the two authors corresponds, the incidence of the more severe types of endometritis (fluor albus and pyometra) is even higher in the Danish herds than in cows selected for detailed examination by Richter in Saxony because of persistent sterility.
(c) In New Zealand the incidence of all grades of metritis among cows "culled" for sterility is very low relatively, the inflamnmatory process being restricted to the cervix in the majority of animals.
The conditions of maintenance of the cows in the three countries are, so far as can be gathered:-(a) Denmark. Indoors most of the year; fed on concentrated foodstuffs for high milk production throughout the year.
(b) Saxony. Belonged to rather poor peasant proprietors; often underfed (cases of ovarian trouble, due to underfeeding, reported; none due to overfeeding) ; breeding apparently mainly during the natural season, out-of-doors.
(c) New Zealand. Out-of-doors. Pasture-fed. Breeding arranged to take place, so that the cows calved always at the commencement of the season of luxuriant vegetation.
(C) SALPINGITIS IN THE COW AND MARE.
Disease of the oviducts, or Fallopian tubes, is regarded as almost the most common cause of permanent sterility in the human female. The condition is determined, mainly, by gonorrhceal and, next, by tuberculous infection. In the cow a large importance bas been given to disease of the tubes by certain workers- Williams, 1921 [81, in U.S.A; Oppermann, 1923 [12, 34] , in Germany. Quinlan, 1929 [17], has recently published a minute description of the condition. The following figures (Table No . 9) summarize a study undertaken by Richter and his colleagues, 1927 [35] , comprising a detailed histological examination in each case, of the oviducts in slaughtered cows and mares: ... 0 *9 showed macroscopically visible metritis. Difference in incidence of salpingitis in mare and cow may be explained by diiferent anatomical relationsbips at cornual orifice.
In the cows the figures reveal a surprisingly high incidence of tuberculosis in the tubes. The tuberculous infection was of a descending character, that is, it appeared to spread down the tubes by extension from the peritoneal cavity, and differed in this respect from tuberculous salpingitis in the human subject, which is considered to be usually of hmmatogenous origin. The figures also reveal a high incidence of non-tuberculous ascending disease in the tubes, which could for the most part only have been detected by histologidal examination; in all these cases there were retention cysts in the ovaries, which would lend confirmation to the view now generally held that these structures were secondary in origin to obstruction in the genital tract. In the mares, on the contrary, disease in the oviducts, apart from anatomical, mainly cystic, abnormalities, was not discovered, even though the mares examined were largely old animals past the normal breeding age, and among them there were nine cases in which there was macroscopically evident inflammatory disease of the uterus. The rarity of salpingitis in the mare is also confirmed by the statements of Dimock and Edwards (1928) [26] ; out of 83 barren mares examined by them post mortem, most of which had bacterial infection in the uterus, only 18 showed evidence of salpingitis, and, in these cases, bacterial infection could not always be found.
Richter and his colleagues attribute the difference in prevalence of salpingitis in the cow and mare to the different anatomical relationships at the cornual orifices of the tubes in the two species. In the cow the cornual apex of the cavum uteri is continued funnel-shaped into the lumen of the tube on each side. In the mare the lower end of the tube projects into each horn in the form of a tap-like prominence, surrounded by a thick band of unstriped muscle, which may act as a sphincter and arrest the passage upwards of uterine infection.
The bacterial species, isolated by American and other workers, from the cases of bovine non-tuberculous salpingitis have been varied, comprising mainly in cases with distinct inflammatory lesions of the mucous membrane, streptococci (of the a-hiemolytic or viridans type) and corynebacteria (B. pyogenes). An Italian worker, Rivabel]a, 1932 [36] , who has recently reviewed the literature on the subject and investigated macroscopically and bacteriologically the uteri and oviducts of forty-five cows that had been cast for slaughter mainly because of sterility, found that 35% of the tubes were infected with bacteria in these cases-a percentage which is rather lower than that given by some other workers. In one ofhis cases, an eight-year-old cow, the genital tract was apparently normal and the body of the uterus bacteriologically sterile, while the tubes disclosed a pure culture of a Salmonella of the Breslau type. F. Nielsen (1926) [14] has expressed a view which is probably in accord with the experience of most clinical observers: he says that when contagious abortion first severely affects a herd of cattle, abortions take place mostly during the earlier stages of pregnancy from about four months onwards, and the incidence of disturbed cestrum and sterility afterwards is low. Subsequently, when the disease has run its course for some time, abortions are fewer and occur later in pregnancy, but are accompanied by a large incidence of premature births, retained placentas, severe the subsequent breeding history of the two groups while they were kept in segregation and served by the same bull or bulls. The results given in these tables show that in both herds fertility was much decreased in the cows that were proved to harbour Br. abortus infection. Nevertheless, in the cows that were free of this infection there was also a marked percentage of sterility and other breeding trouble, includinq some abortion. The effect of the Br. abortus infection in each herd would therefore seem to be to aggravate some other concurrent infection which was prevailing in the herd. In Lothe's herd, the detailed breeding history of the animals seemed to suggest that this concurrent infection was venereally transmitted bythree bulls used. The record given by Webster is, he states, an exceptionally bad one for New Zealand, but the herd was selected as a suitable one in which to investigate the effects of Br. abortus upon the breeding efficiency. In his paper (as noted here later) he also provides evidence of cervicitis, caused by streptococci, being transmitted venereally by bulls to cows.
The reports obtained occasionally of outbreaks of sterility in herds after the introduction of Br. abortus infection which is benign in effect, or not followed by serious clinical abortion, and after vaccination with cultures of the live organism cannot be explained in the above way. This point has already been mentioned in dealing with orchitis in the bull.
(E) THE PATHOGENESIS OF BOVINE ENDOMETRITIS. It now remains to review the evidence upon the nature of the infection in these inflammations of the female genital tract, namely, cervicitis, endometritis, and salpingitis, apart from those which are of tuberculous origin or may be classed strictly as specific venereally transmitted infections. The role of Br. abortus infection is now well understood, following the well-known researches of Schrceder and Cotton, Smith and Little, 0. Bang, and others. It cannot survive more than a few weeks in the non-gravid uterus, and it produces merely superficial lesions on the chorion and maternal cotyledons. In default of secondary bacterial invaders, the lesions would quickly heal up. Besides, troubles such as retained placenta, endometritis and sterility may be seen commonly, as has been shown in the foregoing tables, in cows that belong to infected herds but have never aborted or in cows that belong to "clean " herds, that are not infected with contagious abortion. The sequence of the pathological changes in the uterus of the cow that may arise after abortion or apparently normal parturition has been clearly outlined by Sven Wall (1914) [38] as the result of a minute histological and bacteriological examination of material in C. 0. Jensen's laboratory at Copenhagen. The successive stages, according to him, may be summarized in a general way as follows:-Sterility in cows. Note.-(a) All these infections alter the uterus, which so long as the alterations proceed, is sterile.
(b) After final healing, the uterus is often totally unfit for conception in consequence of atrophy, sclerosis and " ectodermoiserung " (i.e., stratification or cornification of the endometrium). The view that the uterus when it has undergone extensive destruction of epithelium with parchment-like healing of the surface is totally unfit for the developing embryo is also supported by Williams (1929) [39] . A few other workers (Hallman, 1924 [40] and others) believe, however, that the endometrium has considerable power of regeneration and may not be impaired functionally by rather extensive destruction of the intercotyledonary epithelium.
Hallman's view is that in cases of retained placenta whether retention of the fcetal membranes follows acute or chronic inflammation of the maternal placenta, the result is the same; the larger chorionic villi cannot be forced out of the crypts. The softening of the placenta through the action of proteolytic enzymes ultimately allows the chorion to come away. This sub-involution produces a condition in the uterus which particularly favours the invasion of the tissues by pathogenic bacteria.
It has already been mentioned in the introduction that the milder forms of uterine catarrh may not harbour any bacterial flora (Gotze, 1930 [18] ) in the uterine secretion. Streptococci, of the viridans or a-ha3molytic type, such as are found most commonly in cases of bovine endometritis, can be readily recovered from the normal vulvo-vaginal tract of heifers and cows, often in such abundance as to have led the earlier observers to believe that they were dealing with a specific infection. The corynebacteria (B. pyogenes) which are found normally in the tract have been studied by Jones and Little (1925, 1926, 1930) [41] in their investigations upon the cause of infectious cystitis and pyelonephritis in bovines; several types are found, some of which can infect the urinary tract experimentally. It is likely that the uterine invaders are of the same kind. The evidence would therefore suggest that the bacterial invaders which may be found in the uterus in the common forms of endometritis associated with sterility are merely banal inhabitants of the vulvo-vaginal vestibule, and that they can flourish in the uterine cavity only when there is defective involution of the uterus and derangement of the normal uterine epithelium, the secretions of which, in the case of the mare at least, according to Liitje [23] are so strongly bactericidal that the uterus is again bacteria-free and ready for implantation of a fertilized ovum at the normal first occurrence of cestrum in the equine species, namely, seven to nine days after parturition. When this faulty involution persists in a herd for a long time it is likely that bacteria which are ordinarily of low virulence may become enhanced in their ability to invade the uterine cavity. There are now, however, a number of well-authenticated records of the spread of disease by coitus which may result in circumscribed outbreaks of sterility and sometimes serious abortion. Examples are the following:
(i) Coital exanthema.-In veterinary writings a special form of venereal disease (Bldschenausschlaq), characterized by well-marked vesicular and pustular eruptions in the vulvo-vaginal tract of the female and similar eruptions on the glans penis of the bull, has been separated off for a long time from other suspected forms of infectious vaginitis (antsteckenden Scheidenkatarrh). Characteristically, this disease is highly contagious and may spread to other species of animals than cattle. It is recognized by acute swelling of the vulva, great irritation, and the appearance of large numbers of papules and ulcers inside the lips of the vulva and posterior vagina. Maiden heifers may show very severe local symptoms shortly after service. Conception frequently takes place in spite of the severity of the lesions (Webster, 1932 [5] ). The symptoms are usually not so severe in the male. The disease occurs in isolated outbreaks, and as it responds fairly readily to treatment, it is not regarded as a serious trouble by stockbreeders. Recently however, severe outbreaks of the disease have been carefully reported by [42] in Lower Austria, and Kiist and Uhrig (1932) [43] in Central Germany. In these outbreaks early abortion of the ftetus, within two months after the commencement of pregnancy, was a frequent occurrence, followed by severe metritis (Iluor albus and pyometra) in a large number of cases. Often, the severe metritis was the first sign of trouble, and it was presumed that it had followed an undetected abortion. At the earliest stages, the typical symptoms of coital exanthema could be readily recognized, followed by appearances within the vulva and vagina of what had been described earlier by German writers as ansteckenden Scheidenkatarrh. In many cases the animals conceived after coitus, and seemed to recover completely, and then aborted early and disclosed metritic trouble. From the discharges obtained from early stages of the disease Reisinger and Reimann (1928) [44] reproduced the disease experimentally in twelve out of fifteen attempts by introducing into the vagina filtrates that had been passed through Reichl or Chamberland L3 candles. They were able to transmit the virus by passage, filtering the discharges before each successive implantation of the virus, in two separate experiments, for three and five passages, respectively. Zwick and Gminder (1913) [45] had attempted to transmit the disease with filtrates but failed, as their technique was probably not suited for the demonstration of the virus. The clinical nature of the disease would strongly suggest that it is caused by a filtrable virus. Whether the disease which is not infrequently reported in some parts of England under the name "bull-burnt " and the form of vaginitis which, according to Robin (1919) [1] provokes disastrous consequences in the practices of some French veterinary surgeons, is of the same kind remains to be proved. Streptococci can often be readily isolated from the discharges, but in the light of Reisinger and Reimann's results they may be merely of secondary importance.
(ii) Trichornonad infection in cattle.-This suspected infection, which had been already reported by some veterinary workers, has recently been studied by Abelein (1930, 1932) [46] in Southern Germany. Trichomonads were detected in large numbers in the uterine contents, and some experiments appeared to show that they could be transmitted venereally by the bull. According to Wiedenauer (1930) [47] , however, the protozoa described are probably merely commensals.
(iii) Friedldnder infection in equines.-As the result of observations made upon naturally occurring cases and also of the application experimentally of bacterial cultures to the sexual organs prior to coitus, Dimock and Edwards (1928) [26] came to the conclusion that infection with Encapsulatus (Klebsiella) qenitalium could be mechanically transmitted by the stallion during coitus. with consequent cervicitis and metritis, and sterility. JULY-COMP. MED. 3 * (iv) Streptococcic infection in bovines.-There are probably many bacterial infections in bovines which can be transmitted during coitus. It has been assumed by some writers that when the vaginal flora becomes exalted in virulence following upon persisting severe contagious abortion, frequent retained placentas, and a set of local conditions, covered perhaps somewhat vaguely by the term "bad hygiene," certain species of bacteria which normally reside in the vagina acquire a high pitch of virulence and may then be spread from cow to cow as pathogenic organisms through the agency of the herd bull. This supposition would receive support from observations such as those recorded by Lothe (referred to above). The most significant work in this direction recorded recently, however, is that of Webster (1932) [5] in New Zealand. In outbreaks of enzootic temporary sterility occurring in some herds, cervicitis was a very constant feature in the females, and from the inflamed cervix streptococci (of the a-hsemolytic or viridans type) could be readily isolated. Streptococci of the same type could also be isolated from the semen of the bulls employed, in addition to the diphtheroids and micrococci which are normally found in the semen. Bulls affected in this way transmitted acute cervicitis to normal cows on service, with a very low proportion of conceptions ensuing. A clean bull used to serve these cows became himself severely affected. The evidence would then show that the enzootic temporary sterility in New Zealand is caused by a catarrhal streptococcic infection of the cervix transmitted by the bull during coitus. Field experience shows that the infection clears up in the course of two to three months, whereupon most of the cows breed normally. The bull may sometimes also throw off the infettion, but, when he does so, he seems to remain usually impaired in fertility.
CONCLUDING REMARKS UPON THE COMMON CAUSES OF MULTIPLE
STERILITY.
As will be noted from some of the tabulated statements given a substantial proportion of cases of sterility is associated with congenital or anatomical disease of the genital tract. The proportion, however, is not high, and does not provide justification for the adoption of a routine procedure in the treatment of sterility such as the artificial insemination of mares, which practice, as shown by Oppermann, 1924 [12] , was based on faulty knowledge regarding the adjustment of the genital organs of the two sexes during the act of coition.
A large proportion of cases of sterility is associated with inflammatory disease in the genital tract; this may sometimes be revealed only, as in some cases of salpingitis, by histological examination. A considerable proportion, however, show no inflammatory lesions which can be attributed to infection; in cases of mild catarrhal discharge, which represent by far the largest proportion of the recorded cases of endometritis, the bacterial flora often cannot be held, having regard to its kind and numbers, to be of sufficient importance to be deemed responsible for the catarrhal condition. Tuberculosis, which nearly always represents an extension from lesions existing elsewhere in the body, is responsible for a considerable amount of metritis associated with permanent sterility in bovines. Infectious abortion in mares is not followed by increased sterility, but in cows it is often held to be responsible; its r6le, however, is that of a predisposing cause; it seems to aggravate the action of other bacterial agents, which may be regarded as secondary invaders but may also exercise their pathogenic action independently of an antecedent infection with the abortion organisms. The miscellaneous bacteria (Bacillus coli types, streptococci, Friedlander types and corynebacteria) which are most commonly associated with severe endometritis in mares and cows are probably banal organisms, normal residents in small numbers of the vulvo-vaginal tract, but not of the uterine cavity. It seems that these organisms can become exalted in virulence and thus acquire the power to invade, and become established for a time in, the uterine cavity. Some of them may be transmitted venereally, during coitus, to cause cervicitis and temporary sterility. Whether these bacterial agents are, in general, to any extent, comparable in their action with specific pathogenic micro-organisms like those of syphilis or gonorrhcea in the human subject, or are merely invaders which obtain a foothold in parts of the genital tract, from which they are normally absent, because of defective involution of the tract (produced again by some functional disturbance, perhaps remote, and of an endocrine or nutritional origin), remains to be ascertained by further research. Meanwhile, the conclusions drawn by the reporters (Miessner and Koser, 1932 [Reichszentrale fiir die Bekaimpfung der Aufzuchtkrankheiten-7 and 8 Sammelbericht- ... 7, 299 (2) Reported causes-all kinds and degrees of disease of the uterus, oviducts, and ovaries. For example, the Landsberg centre gives chief place to uterine affections; the Dessau centre says 80% is caused by ovarian and uterine troubles.
(3) The importance of attention to maintenance and feeding in the control of multiple sterility is now stressed.
(4) " The animal body kept in unhygienic conditions is unable to guarantee the normal functioning of the endocrine system." (5) As indicated in the report of the preceding (fifth) Conference, organic lesions in the genital tract are not always the primary cause of sterility.
